The perpetual decline of the quality of available surface water resources due to increasing global pollution menace necessitates the needfulness for suitability assessment of river water resources for irrigation purposes. Water samples were collected during the dry season (November, 2018) and wet season (July, 2019) into sterilized, labelled bottles and were transported in ice packed to laboratory for analyses. Results showed the pH 6.87-6.91, calcium 36-38 mg/l, magnesium 8-9 mg/l, potassium 2.40-2.50 mg/l, sodium 1.28-1.46 mg/l, bicarbonate constant at 180 mg/l, phosphate 0.08-0.11 mg/l, electrical conductivity constant at 0.06mg/l, Nitrate 0.04-0.41 mg/l, sulphate 26-28 mg/l, total dissolved 33.30-34.10 mg/l, chloride 7.5-9 mg/l for the dry season and the pH range of 7.15-7.33, calcium 30-32 mg/l, magnesium 17-18 mg/l, potassium 2.70-2.80 mg/l, sodium 1.86-1.88 mg/l, bicarbonate 290-295 mg/l, phosphate 0.11-0.12 mg/l, electrical conductivity 0.13-0.14 mg/l, Nitrate constant at 0.07mg/l, sulphate 35-36 mg/l, total dissolved solid 64.30-67.50 mg/l, chloride 12-14 mg/l for the rainy season. Most of the samples analyzed were within the recommended limits set by [22] , [13] for irrigation water standard. The water quality indicators SAR,0.05; SSP,2.28; KR,0.02; PI,78.03; RSC1.37 for dry season and SAR, 0.07; SSP, 2.62; KR, 0.03; PI, 73.28; RSC, 1.79 for rainy season were under safe limits.
Introduction
Water is an important source of life which is extremely essential for survival of all living organisms. Water is one of the abundantly available substances in the nature which men have exploiting more than any other resources for the sustenance of life. Life is impossible on this planet without water, our most important resource apart from air and land. Surface water, especially rivers is part of the source of water available to the people in general. The visible bodies of water are referred to as surface water. These are essential water for achieving good agricultural produce and to attain standard food security in developing countries in the world. Water has become a universal issue, not only in terms of the availability of its quantity alone, but also its quality [15] . However, the total water amount on the earth is about 1.35 billion cubic kilometers. About 97.1 per cent has been locked into oceans as saltwater. Ice sheets and glaciers have arrested 2.1 per cent. Only 0.2 per cent is the fresh water present on the earth, which can be used by human for varieties of purpose. Remaining 0.6 per cent is in underground form [37] . The qualities of these water bodies vary widely depending on the location and environmental factors [4] .
However, it is quality varies from place to place and season to season. Adequate and safe water supply is therefore a pre-requisite for significant socio-economic development of any community. Unfortunately, in many areas of the world, especially developing countries including Nigeria, it is not easy to obtain a steady source of water for agricultural uses. Water quality is a term used to describe the physical, chemical and biological parameters of water features concerning its standard for specific usage [40] .
Moreover, the quality of irrigation water is directly related to its effects on both the crops and soils on which they are grown as well as its management, thus high quality crops can only be achieved by using standard irrigation water. Water for irrigation varies greatly in quality relating to the total quantity of dissolved salts and its ionic composition in relation to the source of the water [1] , [20] , its location and time of sampling [15] . The quality of water is generally affected by diffuse contamination originating from intensive irrigated agriculture [38] . It is a well-known fact that a polluted environment has a detrimental effect on health of people, animal life and vegetation [36] . The features of irrigation water that define its quality vary with the source of the water [20] . The Water quality of any specific area or specific source can be assessed using physical, chemical and biological parameters. The values of these parameters are harmful to crop growth if they exceed certain threshold values. Therefore, the objective of the present study was to assess the suitability of Oba river water quality in the study area with respect to pH, Electrical Conductivity (EC), Total Dissolve Solids (TDS), Sodium Adsorption Ratio (SAR) and specific ions such as Sodium (Na+), Magnesium (Mg 2+ ), Calcium (Ca 2+ ), Potassium (K + ), Bicarbonate (HCO3 -), Chloride (Cl -),Sulphate (SO4 2-) and Nitrate (NO3 -) and hence to ascertain their suitability for irrigation purpose.
Material and methods

Description of the study area
The experiment has been conducted in Oba river in Ogbomoso land. Ogbomoso located on Latitude 8° 10' N and Longitude 4° 10' E, about 342 m above the mean sea level, southwest Nigeria. The study area has a bimodal rainfall pattern, with rainfall peaks in the months of June and September and break in August, with mean annual rainfall of approximately 1200 mm while the mean maximum temperature was not above 33°C and minimum temperature not below 16°C. The relative humidity of the area is not less than 80% between the months of April-November while it is low between December-March when dry wind (harmattan) blows from the northeastern part of the country [39] .
Sample collection and analysis
Oba River was visited as early as 7:00 am for samples collection for analyses. Sampling were collected and taken to laboratory for the analysis of physiochemical properties. This research work conducted in November, 2018 for the dry season and July, 2019 for the rainy season. During each sampling, six replicates of water samples were collected in sterilized bottles at different points along Oba river in Ogbomoso. After sampling, the bottles were marked, sealed and taken to the laboratory in ice-packed container for further analyses. The water quality indicators that were analyzed are: EC, Ca 2+ , CO3, HCO -3, K + , Mg 2+ , Na + , pH, PO4, SO4, NO3, Cl -, and TDS (All analyses was done according to [30] standard method. The concentrations of Na + , Ca 2+ and Mg 2+ were used to quantify the sodium adsorption ratio (SAR) according to the equation.
Statistical analysis
The results obtained was subjected to descriptive statistics to determine the minimum, maximum, mean, standard deviation and coefficient of variation of the pooled data, irrespective of sampling points and sampling period. Raw data and computed water quality indicators was subjected to analysis of variance (ANOVA) and means was separated by using Fisher`s least significant difference (LSD) test at 5% level of probability. All analyses were performed by using SPSS (v. 20) and Grapher (version 10.0) software.
Analysis of water samples
Sample Analysis of Oba river in Ogbomoso was done for the major and minor ions (Na + , K + , Ca 2+ and Mg 2+ ) and anions (NO3, CO3, HCO3, SO4 2-and PO4 2-) and other chemical parameters ( SAR and SSP, RSC, PI and KR) have also determined using standard empirical formulas. Beside this, measurements of pH, EC, TDS were done.
Samples test and analysis
Methods: pH, TDS and Electrical conductivity (EC) were measured in-situ, using portable pH/EC/TDS meter H19810-6. Palintest photometer was used with colorimetric method to determine the following: HCO3, CO3, NO3-N, SO4, PO4-P, Ca 2+ , Mg 2+ , Na + , Cland K + . The choice of variables or parameters analyzed was informed by their roles during crop production. Other water quality parameters and indexes necessary for irrigation practice such as Residual Sodium Carbonate (RSC), Sodium Adsorption Ratio (SAR), Soluble Sodium percentage (SSP), Permeability Index (PI) and Kelly ratio (KR) were evaluated with the following equations.
Residual sodium carbonate (RSC)
The residual sodium carbonate was calculated simply by subtracting the quantity of Ca 2+ + Mg 2+ from the sum total of carbonates and bicarbonates determined separately in a given sample and expressed in meq/l. Note that concentration in meq/l = mg/l Atomic weight Thus, RSC = (CO3 2-+ HCO3 -) -(Ca 2+ + Mg 2+ ) 2.1
Sodium adsorption ratio (SAR)
Sodium adsorption ratio was calculated using the formula given below. The concentrations of a + , 2+ and Mg 2+ was used to calculate the sodium adsorption ratio (SAR) according to the equation:
Where Na + is sodium concentration, meq/l, Ca 2+ is calcium concentration, meq/l; Mg 2+ is magnesium concentration, meq/l.
Soluble sodium percentage (SSP)
Wilcox (1955) has proposed classification scheme for rating irrigation water on the basis of soluble sodium percentage (SSP). The SSP was calculated by using following formula:
Where, the concentration of ions is expressed in meq/l.
Permeability index (PI)
The permeability index was calculated by the following formula:
Where, all the values are in meq/l.
Kelly's ratio (KR)
Kelly's ratio was calculated by using the following expression:
Where, concentrations are expressed in meq/l.
Results and discussions
Descriptive statistics of water quality indicators
The results of the minimum, maximum, mean, standard deviation and coefficient of variation of the water quality indicators evaluated for Oba River in Ogbomoso are presented in Table 1 and Table 2 for dry and rainy season respectively. The Electrical conductivity (EC) of the river at Oba during the dry season is fairly constant at 0.07dS/m. This indicated that the minimum, maximum and mean value is constant. Thus, the coefficient of variance is zero. This implies that the salt concentration is fairly uniform. This may be attributed to the soil formation that, the soil does not add salt to the water within the sampling point in Oba river. However, the ranged value from 0.13 to 0.14 dS/m with a mean of 0.13 dS/m in rainy season; the maximum limit for irrigation water was prescribed as 3dS/m [22] , this value fall into slightly to moderate in terms of degree of restriction in use. A lower EC value signifies less concentration of the dissolved ions and organic matters while salinity of water is an indication of high EC and TDS. The result revealed the presence of a varying degree of dissolved salts in the study water. This may have effect on the soil if it exceeds the maximum permissible value. However, the value of EC and TDS of water in the study area is within the permissible limit for irrigation .Thus, the water is suitable for irrigation use in terms of EC and TDS.
The range of concentration of bicarbonate (HCO3 -)of the river at Oba during the dry season is fairly constant at 240 mg/l. This indicated that the minimum, maximum and mean value is constant. Thus, the coefficient of variance is zero. This implies that the bicarbonate (HCO3 -) concentration is fairly uniform. However, concentration of bicarbonate in the rainy season ranged from 290 to 295 mg/l, with the mean values of 293.33 mg/l, as against the maximum permissible limit of 500mg/l [22] .This indicates that the value falls below the permissible limit. Bicarbonate, an important anion in irrigation water, is required in moderate concentration as found in the sampled water. At this concentration, bicarbonate brings about a change in soluble sodium percentage, hence regulate sodium hazard. High concentrations of bicarbonate ions in irrigation water may affect the uptake of mineral nutrients and their metabolism in the plant. Oba river has no traced of carbonate due to the pH of the water. At near-neutral values of pH, dissolved bicarbonate (HCO3 -) is the dominant ion. A significant contribution from carbonate and other anions emerges only at pH levels greater than approximately 9.0 [24] , [2] .
Nitrate nitrogen (NO3-N) concentrations in the studied water in dry season ranged from 0.04 to 0.41 mg/l with a mean value of 0.16 mg/l. However, in rainy season is fairly constant at 0.07 mg/l, this indicated that the minimum, maximum and mean value is constant. This values fall below the limit of 30 mg/l recommended for standard irrigation water [31] . The Low level of NO3-N concentration in the water could be attributed to a low percentage of cropland within the study area that indicates lower nitrogen based fertilizer was used. This is similar to the findings of [9] and [18] . Nitrogen is a major nutrient needed by the plant, its abundance is desired in irrigation water; though low concentration of it (as in the water studied) does not make the water unfit for irrigation. Thus nitrogen concentration in the studied water poses no threat to its use for irrigation.
Sulphate (SO4 2-) concentrations in the sampled water in dry season ranged from 26 to 28 mg/l with a mean value of 26.67mg/l. The concentration of sulphate (SO4 2-) in the sampled water in rainy season rangedfrom35 to 36 mg/l with a mean value of 25.33 mg/l. Compared to the upper limit for irrigation (960 mg/l), this value is within the acceptable limit. Sulphate is the primary form of sulphur in natural waters [26] . Plants primarily use sulphate as a sulphur source. However, oxidation of sulphur or sulphide in the soil can cause extreme acidity [26] . Nevertheless, discharges from industries as well as atmospheric precipitation could add significant quantities of sulphates to surface waters [17] .
Phosphate concentration in the sampled water in dry season ranged from 0.08 to 0.11 mg/l with a mean value of 0.10mg/l. However, phosphate concentration in rainy season ranged from 0.11 mg/l to 0.12 mg/l with a mean value of 0.12 mg/l. Phosphorus, though required in relatively large amounts by plants, is found in low concentration in the studied water. This is not strange; phosphorus has low concentration in natural waters as it is tightly bound to soil and aquifer sediments and not readily soluble [21] . The main source of agricultural and industrial phosphate is deposits of the mineral apatite-known as rock phosphate; though phosphorus occurs naturally in most geological formations and soils in varying amounts and forms [26] . Phosphorus in the studied water is unlikely to have its source from leachates from fertilizer and manure. This similar to the findings of [8] , that phosphate concentration in Oba river water showed no correlation to fertilizer and manure use in an agricultural area. Low phosphorus concentrations in the studied Oba river water course poses no threat to its use as irrigation water and suggest a natural geologic sources have a greater influence on concentrations in surface water than anthropogenic sources.
Calcium (Ca 2+ ) concentrations in the studied water in dry season ranged from 36 and 38 mg/l with a mean value of 37.33 mg/l. Calcium (Ca 2+ ) concentrations in rainy season ranged from 30 to 32 mg/l with a mean value of 31 mg/l. This values falls below the maximum contamination limit for irrigation (400 mg/l), this signify that the water is suitable for irrigation use.
Magnesium (Mg 2+ )concentrations in the studied water in dry season ranged from 8 and 9 mg/l with a mean value of 8.33 mg/l. Magnesium (Mg 2+ ) concentrations in rainy season ranged from 17 to 18 mg/l with a mean value of 17.67 mg/l. This values falls below the maximum contamination limit for irrigation (61 mg/l). It signifies that the water is suitable for irrigation use. None of the samples exceeded the threshold value irrespective of the point of collection, thus no threat. High concentrations of Ca 2+ and Mg 2+ ions in irrigation water will cause increase in soil pH, leading to reduction in the availability of phosphorous to plants [33] .
Sodium (Na + ) concentrations in the studied water in dry season ranged from 1.28 and 1.46 mg/l with a mean value of 1.37mg/l. Meanwhile, in rainy season it ranged from 1.86 to 1.88mg/l with a mean value of 1.87 mg/l. Sodium (Na + ) content is another major indicator when evaluating irrigation water quality. Sodium concentration less than 100 mg/l indicates no restriction, while concentrations greater than 100 mg/l shows moderate to high degree of restriction especially for sensitive crops [29] . Irrigation water with high sodium (Na + ) content could cause the displacement of exchangeable cations, such as Ca 2+ and Mg 2+ , from the soil clay minerals, which would be replaced by Na + [16] , also stated that soils saturated by sodium peptize and they lose their permeability, leading to decrease in fertility and their suitability for cultivation. The Sodium (Na + ) concentrations result indicates that, the river water samples is suitable for irrigation use as the sodium concentration is far below the maximum limit based on the guidelines proposed by [28] and [10] and the water is characterized by low sodium hazards.
The potassium (K + ) concentrations in the studied water in dry season ranged from 2.40 mg/l and 2.50 mg/l with a mean value of 2.43 mg/l. Potassium (K + ) concentrations in rainy season ranged from 2.70 mg/l to 2.80 mg/l with a mean value of 2.77 mg/l. Most of the minimum concentration exceeds the threshold value of 2 mg/l. Inorganic fertilizers containing at least one of three basic nutrients; nitrogen, phosphorus, and potassium, are widely used in the study area to replenish crop and soil nutrients. Half to one-third of this fertilizer are absorbed by the crop and the remaining becomes residual in the soil and may join water body [5] , [3] . Potassium is both an important fertilizer and common rocks constituent, high concentration of potassium ion found in the water could have been induced by leachates from agricultural fertilizer as observed by [23] or dissolution of rock constituent. Although, due to lower concentration of Nitrogen dissolution of rocks constituent is the most likely source of potassium in the sampled water. A major concern of high potassium concentrations in irrigation water is its deleterious effects on soil hydraulic properties, which has negative impacts on infiltration, water availability and plant growth [14] . High potassium and magnesium ion are typically found in recycled wastewaters, the presence of these two cations in high concentration in the surface water sampled might indicate seepage of wastewater into the underlying aquifer.
The pH concentrations in the studied water in dry season ranged from 6.87 and 6.91 with a mean value of 6.89. The pH concentrations in rainy season ranged from 7.15 to 7.33 with a mean value of 7.23.A comparison of the pH values with the normal range of standard irrigation water 6.0-8.4 by [12] showed that the samples are within the range for irrigation use. The mean pH values indicated that the river across the points of collection did not have alkaline. Although, application of irrigation water with pH outside the threshold could cause nutritional disparity or lead to toxic ion build up in the soil [29] .Water with low pH tends to be acidic and may be corrosive. Such water could affect metallic plumbing fittings (leaching).
The salt concentration (TDS) in the water ranged from 33.30 to 34.10 mg/l with a mean value of 33.80 mg/l during the dry season and ranged from 64.30 to 67.50 mg/l with a mean value of 66.30 mg/l in rainy season; The dispersion around the mean indicated that all the value falls below the mean and within the threshold value for irrigation purpose since the higher concentration is below the permissible limit of the standards 2000mg/l [22] , also according to irrigation water quality classification by [29] , all the value falls below the mean and within the threshold value for irrigation purpose since the higher concentration is below(< 450mg/l) and they had no restriction to use for irrigation, The value of the coefficient of variation was 0.39mg/l, indicated that the TDS of water in the study area varied. This may be attributed to the geological formation of Ogbomoso which has an effect on the chemical content of surface water [3] . 
Suitability of Oba river water in Ogbomoso for irrigation
Sodium adsorption ratio (SAR)
The waters having SAR values less than 10 meq/l are considered excellent, 10 meq/l to 18 meq/l as good, 18 meq/l to 26 meq/l as fair, and above 26 meq/l are unsuitable for irrigation use [6] . In this work, the SAR values are lesser than 10 meq/l for the samples taken in dry and rainy season, therefore it is graded as excellent for irrigation use (Table 5) . SAR is a measure of tendency of sodium (Na) ion to displace Ca ion in the irrigation water soil [32] .
Kelly's ratio (KR)
The kelly's ratio of unity or less than one is indicative of good quality of water for irrigation whereas above one is suggestive of unsuitability for agricultural purpose due to alkali hazards [19] . From these figures, both in dry season as well as rainy season were observed to be 100 per cent good. The area has good quality water for irrigation purposes due to non alkali hazards in the water.
Residual sodium carbonate (RSC)
The residual sodium carbonate (RSC) did not exceed value of 2.5meq/l in dry and rainy season; the water is generally suitable for irrigation. If the value of RSC is between 1.25 meq/l and 2.5 meq/l, the water is marginally suitable ( Table  5 ) while a value less than 1.25 meq/l indicates safe water quality [25] . In this respect, it is evident from (Table 4) , that, RSC values in dry season as well as rainy season are less than 1.25meq/l indicates safe water quality, suggesting that, the study location are under safe limit for irrigation use.
Soluble sodium percentage (SSP)
[10] has proposed classification scheme for rating irrigation waters on the basis of soluble sodium percentage (SSP). The values of SSP less than 50meq/l indicate good quality of water and higher values (i.e. > 50meq/l) shows that the water is unsafe for irrigation [6] . From these figures, it is observed that, 100 per cent of the water in dry season as well as rainy season has good quality water and safe for irrigation purposes.
Permeability index (PI)
The Permeability Index (PI)values > 75meq/l indicate excellent quality of water for irrigation. If the PI values are between 25 meq/land 75meq/l, it indicates good quality of water for irrigation. However, if the PI values are less than 25meq/l, it shows unsuitable nature of water for irrigation (Table 4 ).Permeability Index (PI) of water is a function of sodium, calcium, Magnesium and carbonate in the soil [7] , [11] . Based on this assessment, the water samples from this location indicate good quality of water in dry season as well as rainy season, therefore suitable for irrigation purposes.
Mg/Ca ratio
The concentration of magnesium ion is more important than that of calcium ion for irrigation water and their ratio serves as an index for irrigation water quality. The Mg/Ca ratio of the river water is lower than the desirable limit values. The Mg/Ca ratio of <1.5meq/l indicates excellent quality of water for irrigation ( Table 5 ). If the Mg/Ca values are between 1.5meq/l and 3meq/l, it indicates good quality of water for irrigation. Here, it was noted that the area have no magnesium hazard because the samples result of the area shows the ratio lesser than the desirable limit.
Conclusion and recommendations
The water samples results revealed that the area are under desirable limit and suitable for irrigationboth during the dry and rainy season as quality indices ranged from good to excellent uses. The ionic dominance for the major cations and the anions were in these order for the dry season; Ca 2+ > Mg 2+ > K + > Na + and HCO3 -> SO4 2-> PO4 > NO3; while Ca 2+ > Mg 2+ > K + > Na + and HCO3 -> SO4 2-> NO3 -> PO4 is for rainy season. However, the water could be used on almost all soils with few danger of potassium in the water.
This study accents the need for regular Oba river water quality monitoring to assess pollution activity from time to time for taking appropriate management measures in time to mitigate the intensity of pollution activity. Because some of the parameters investigated such as potassium are very close to the upper limit. The remedial measures include:
 Famers should be encouraged to use biofertilizers and biopesticides to avoid the soil, surface water and groundwater contamination.
 Action plan should be formulated for the short term and long term management for the efficient use of surface water resources and other natural resources after taking into account the population of the people, agricultural activities, availability of water resources etc.  There should be a sustainable watershed management in place in order to protect the quality and quantity of Oba river. During the course of the study, it was discovered that there are a lot of human activities along the river bank. Such activities including irrigation with the use of agro-chemicals, cassava processing with effluent being discharged without treatment into the river.  The study on Oba river should be extended beyond the limit of this work. This will help to provide complete information on the use of Oba river water for irrigation purposes.
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